To depict the general trends of muscle anaerobic performance in obese subjects within a wide range of age and body weight. DESIGN: Cross-sectional study for the measurement of lower limb maximal anaerobic power output with a modification of the Margaria stair climbing test in a large population of obese subjects of both genders within a wide span of age (18-80 y) and body mass index (BMI, 30-68 kg m À2 ). Furthermore, body composition was also determined by bioimpedance analysis in a representative subgroup, in order to evaluate the relationships between fat-free mass (FFM) and power output. SUBJECTS: A total of 1298 obese subjects (486 males, 812 females) from an Italian population seeking medical support for body weight reduction. Within this sample, a consistent subgroup of 193 subjects (59 males, 134 females) was also selected for accessory study of body composition. RESULTS: In general, male subjects developed significantly higher lower limb power output ( . W) than female subjects (Po0.001-0.01), both in absolute terms and per unit body mass. In both genders, . W was influenced negatively by age (Po0.001) and positively by BMI (Po0.001). While the effect of age was similar in both genders, BMI had a different positive effect in male and in female subjects, being more definite in male subjects. In the subgroup, FFM was found to depend both on age and BMI, in a fashion comparable with that displayed by . W. The gender-related differences in . W disappeared when expressed per unit FFM and a significant linear correlation was found between FFM and . W, both in male and female subjects (R 2 ¼ 0.32-0.51, Po0.001). CONCLUSIONS: The lower limb maximal power output is significantly higher in obese male subjects than in female subjects, being negatively influenced by age but positively related to BMI. Female subjects appear to be at a greater disadvantage for effect of obesity, the major motor limitations being suffered by older women with higher BMI. These gender differences in ageand BMI-dependent . W changes seem to be related to changes in FFM in the subgroup in whom body composition was studied.
Introduction
The prevalence of obesity is steadily increasing in most countries with a Westernised lifestyle and it is expected to continue increasing in the future 1, 2 together with the inherent increase in the medical risks of both morbidity and mortality. 3, 4 Beside such a negative influence of obesity on health status, patients with severe obesity frequently suffer from a general sense of fatigue, often associated with impaired quality of life and disability, which affects basic activities of daily living and job performance. 5, 6 The higher fatigability suffered by obese subjects, which are constrained to carry more weight than lean individuals as a consequence of added inert fat mass, has been attributed to several different factors, including chronic physical inactivity, concomitant diseases and chronic pain, as well as poor selfesteem. [7] [8] [9] Nonetheless, it has been demonstrated that obese patients actually display major motor limitations due to a reduction of both aerobic and anaerobic capabilities, which can be evidenced with adequate functional motor tests suitable for this disabled condition. [10] [11] [12] [13] While reductions in aerobic power interfere with the capability to sustain relatively intense and prolonged exercise, anaerobic power is related to the accomplishment of short and vigorous movements more directly involved in everyday life activities (ie rapidly climbing up a flair of stairs or running to catch a bus) or even in brisk postural adjustments to prevent falls and accidental crushes. Unfortunately, these studies, although providing a physiological basis for the quantification of the derangement of motor physical functions, were performed on groups of relatively young patients within a limited range of age and with a major degree of obesity. Hence, the detailed profile of the obese subject, as far as the muscle performance and its changes dependent on age, gender and degree of obesity are concerned, is still incompletely known. Moreover, since obesity entails also conditions apt to influence muscle mass trophism, such as physical inactivity 14 and reduced growth hormone secretion, 15 it is not known to what degree the obese patient is able to adapt his muscle machinery to the chronic overload inherent in the augmented body weight. Therefore, the present investigation aims to depict the general trends of maximal muscle anaerobic performance in a large population of obese subjects of both genders within a wide span of age and degree of obesity. In so doing, the influence of body composition on motor capabilities is also explored in a smaller but representative subgroup. ) participated in the study. Most of the subjects were in-patients at the 3rd Division of Metabolic Diseases (Istituto Auxologico italiano, Piancavallo, Italy), where they had been admitted for a body weight reduction programme and, for the remaining part (BMIo35 kg m À2 ), they were outpatients seeking medical advice for their obesity. None had been involved in structured physical activity (ie regular activity more than 60 min week
Materials and methods

Subjects
À1
) before the study. None of the subjects had signs or symptoms referable to major cardiovascular, respiratory or orthopaedic disease contraindicating or interfering significantly with the performance of the stair climbing test (SCT). By the time of the measurements, carried out on inpatients before the beginning of the body weight reduction programme, all the subjects were familiarised with the technique of execution of ) was selected for the additional determination of body composition. Permission for this study was obtained from the Ethics Committee of Istituto Auxologico Italiano and all subjects gave their written informed consent before the measurements.
Measurement of maximum anaerobic power
Lower limb anaerobic alactic maximum power output was assessed by a SCT, consisting in a modification of the method proposed by Margaria et al, 16 and recently applied by Sartorio et al [11] [12] [13] and by Lafortuna et al 10 in severely obese subjects.
The subjects were invited to climb up an ordinary stair at the highest possible speed, one step at a time, according to the subject's capabilities. The stair consisted of 13 steps of 15.3 cm each, thus covering a total vertical distance of 1.99 m. An operator measured the time employed by the subject to accomplish the task with a digital stopwatch. The test was considered to start at the moment when the first foot was lifted and to terminate when the contact of the same foot with the last step occurred. The vertical component of the speed (vv) was calculated from the vertical dimensions of the steps. In these conditions, the average specific mechanical power ( . Wspec; ie, the power per unit body weight) developed during the test is directly proportional to the vertical component of the speed, since, whatever the speed, the subject raises every unit of his body weight by a height (in m) equivalent to his vertical velocity (in m s
À1
). According to Bosco et al, 17 the average mechanical power ( . W) was thus calculated as: . W ¼ (Wb g h)/t, where Wb is the subject's body weight (in kg), h and t are the vertical distance covered during the SCT (in m) and the climbing time (in s), respectively, while g is the acceleration of gravity (9.81 m s
). About 30 min before the execution of SCT, 1-2 practice trials were allowed so that the subjects gained a good control of the performing technique.
The test repeatability was previously assessed in obese subjects with similar BMI and age range and the coefficient of variation between the measurements was lower than 5%. 13 
Measurement of body composition
On the same day of the performance of the SCT, in a subgroup of 196 subjects (59 males, 134 females) with comparable range and distribution of age and degree of obesity, fat mass (FM) and fat-free mass (FFM) were assessed by bioelectric impedance analysis (BIA), according to a conventional standard technique. 18 Measurements were carried out in the early morning after an overnight fast. Whole-body resistance to an applied current (at 1, 5, 10, 50 and 100 kHz, 0.8 mA) was measured with a four surface 
Statistical analysis
All values are given as means7s.d. The effects of gender, age and BMI on power output were evaluated by means of a multivariate analysis of variance (MANOVA). A K-matrix of simple contrasts was employed to evaluate differences between the different classes of age and BMI. The differences between male and female subjects within the same class of age and BMI, and between the main group and the subgroup were tested using a Student's t-test for unpaired data. Regression line equations were calculated with the leastsquare method, and the differences between regression lines were tested using conventional regression equation comparison methods. 20 P-values less than 0.05 were considered statistically significant.
Results Table 1 shows the mean values of lower limb power output ( . W) observed in subjects of different gender, age and BMI. Since a three-factor (gender, age and BMI) multivariate analysis of variance (MANOVA) performed on these data evidenced a significant interaction between gender and BMI, a two-factor MANOVA (age and BMI) was performed in the two genders separately. In males, age had a significant negative effect on . W (F ¼ 156.9, Po0.001) and BMI a significant positive effect (F ¼ 54.5, Po0.001) without any significant interaction between the factors (F ¼ 0.4, P ¼ 0.527). Also in females, age and BMI had an analogous and significant effect on . W (age: F ¼ 450.0, Po0.001; BMI: F ¼ 11.7, P ¼ 0.001) but a significant interaction was detected between the factors (F ¼ 5.9, Po0.05). As it can be seen from the data presented in Table 1 , the interaction between age and BMI appears to be due to the trend observed in older females who, differently from men of all ages and from younger females, do not display any change in . W for effect of differences in BMI.
As shown in Figure 1 , these opposite effects of age and BMI can be appreciated within the different strata of age and BMI in both genders. The figure also shows the trend observed when . W is expressed per unit body weight, . Wspec, which represents the actual power available to perform external work. Statistical significance in differences between genders within corresponding classes and in difference between each class compared to the lower class are also shown in the figure. In general, within each class of age and BMI, male subjects displayed a significantly higher absolute power output. In both genders, the highest values of . W were found within the age of 40 y and declined thereafter, with the lowest values encountered after the age of 70 y. Nonetheless, in male subjects a significant decline was observed to start in the age class of 41-50 y, while in females . W started to decline significantly in the age class of 51-60 y. On the contrary, the increase of BMI induced in male subjects a progressive systematical increase in . W, while a less definite increase in . W was observed in female subjects. As a consequence of these trends in . W, .
Wspec declined with age in a similar fashion in men and women, but remained relatively constant in men of different BMI, while it was found to decline with the rise of BMI in female subjects.
No Thus, it can be seen that, while in male subjects the increase in body weight is accounted for by an almost equivalent increase in both FM and FFM, female subjects increase their body weight with an increase of FM about four times larger than that attained in FFM. Moreover, in comparison with women, men show a more than double increase in FFM for every unitary body weight increase. The individual values of FFM (in kg) and . W as a function of age and BMI observed in male and female subjects of the subgroup are present in Figure 3 . While the amount of FFM decreases as a function of age with a similar trend in the two genders (panel b), a remarkably different pattern is observed between men and women in the relation between FFM and BMI (panel a). No significant correlation was found between FM (in kg) and age (data not shown) in either genders, indicating an independent variation of FFM and FM as a function of age.
Although variability in FFM among individuals was significantly correlated with the BMI variability in both genders (albeit at different levels of significance), in male subjects FFM appeared to depend more strongly from BMI. From the plots presented in the lower panels of Figure 3 , it can be seen that the trends in the behaviour of . W as a function of BMI (panel c) and age (panel d) is closely matched to that of FFM (panels a and b). Hence, a significant linear relation was found between . W and FFM in both male and female subjects, as shown in Figure 4 , where two separate lines fit the results obtained in the two genders. Comparison of the linear regression equations calculated from data in Figure 4 evidenced no statistically significant difference in the slopes (t ¼ 0.424; d.f. ¼ 58; P ¼ NS) but significantly different elevations (t ¼ 3.88; d.f. ¼ 133; Po0.001).
Discussion
The present study reveals that lower limb maximal power output, assessed in a large population of 1298 obese subjects of both genders with a modification of the Margaria SCT, is 
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A Sartorio et al negatively influenced by age but positively related to BMI. While the age factor comparably affects male and female anaerobic performance, the BMI factor appears to have a strong positive correlation with . W only in men, in women the relationship being definitely less marked. Thus, in terms of . W per unit body weight, which represents the actual correlate of the anaerobic performance also in obese subjects, 10 female subjects appear to be at a greater disadvantage for effect of the degree of obesity, the major limitations being suffered by older individuals with higher BMI.
According to Margaria et al, 16 the SCT performed at maximal effort enables the assessment of lower limb maximal anaerobic alactic power output in normal weight subjects and actually reflects the power generated by the splitting process of the high-energy phosphate compounds. In spite of the motor limitation experienced by extremely obese subjects, mainly due to the hampering effect of fat excess and the poor physical conditioning, a modified SCT has been shown to be a reliable indicator of available power in lower limb muscles, also in these kind of subjects, 10 and has been widely employed on the clinical ground to evaluate the effectiveness of body weight reduction programmes based on physical activity for the improvement of muscle performance and motor coordination. [11] [12] [13] In the obese individuals of the present study, maximal voluntary lower limb power output was relatively constant up to a certain age (the peak value being displayed by subjects of both genders in the third decade) and then steadily decreased thereafter at the rate of about 1.5-1.6% per year, as it can be seen in Figure 1 . A significant decline was appreciable from the fifth decade in male subjects and from the sixth in female subjects, but the overall loss of power for the effect of the increasing age was similar in both genders, since the lowest value observed in the eighth decade corresponds to about 44 and 41% of the values found in the youngest age class of male and female subjects, respectively. Since no substantial difference was observed in average body weight between the different age groups of both genders, a similar trend was observed also in . Wspec, that is, the power output expressed per unit body weight. In normal weight individuals, ageing is known to be accompanied by a significant decline in maximal strength and explosive force production, 21, 22 as well as power output, 23, 24 which seem to be explained to a great extent by the reduction in muscle mass, 25, 26 although age-related changes in hormone balance 27 and a lower capacity of elderly for neuromuscular response in controlling postural sway 28 can play an important role. In agreement with the age-related decrease in muscle performance presently observed in our obese population, the decline in maximal strength and power has been reported to take place at a rate of about 1-3% per year in lower limb extensor muscles. 23, 29 Moreover, Lindle et al 22 observed that the decline in strength with age appears to start later in women than men, similarly to our finding concerning the gender-related power output trend. Although body composition data, obtained with BIA in a small but representative subgroup of obese patients, may not be safely generalised to the whole study sample, it is nonetheless interesting to observe that the age-dependent decrease in FFM is in line with the age-dependent decline in power output, so that, under the point of view of the agerelated decrease in muscular performance, obese subjects seem to behave comparably to normal weight subjects, in spite of their notably different body weight and composition. However, in contrast with normal weight subjects, no significant relation was detected between FM and age, since Muscular power output in obesity A Sartorio et al present data, performed on a cross-sectional basis, do not represent an epidemiological picture but are referred to a population of obese individuals seeking medical help for their obesity. Therefore, the influence of ageing on FM, although possibly occurring also in obese subjects, cannot be addressed in the present study.
The findings of the present investigation also reveal that power output of obese subjects is significantly influenced by the degree of obesity, with a sensible difference between male and female subjects. In particular, older women (450 y) of higher BMI (440 kg m À2 ) appear to suffer the major motor limitations deriving from obesity. While in men, total power output rises systematically in the subsequent classes of BMI with a progressive increase in the level of significance of the difference in respect with the lower BMI class, female subjects display a more scattered and inconstant increase in . W, which indicate a weaker dependence of power output from BMI, as it can also be appreciated from Figure 1 . As a consequence,
. Wspec, appears to be relatively constant for male subjects in the different classes of BMI, while in female subjects it displays a tendency to decrease for effect of the rise in BMI. Thus, due to the increase in obesity degree, women (at difference with men) undergo a progressive limitation in the capability to generate . Wspec, which has been shown to be a major determinant of everyday life motor performance. 10 In fact, obese women have been reported to experience more serious motor problems than men and in general to consider themselves 
A Sartorio et al not to be so healthy as men. 5 Moreover, Sartorio et al 13 observed that self-reported fatigue scores are poorer in obese female subjects than in obese male subjects, and women with higher BMI report higher general fatigue scores than women with lower BMI, at difference with male subjects in whom no difference in fatigue index was reported among individuals with different degree of obesity.
Even considering the present findings on body composition cautiously for the above discussed reasons, it is remarkable that trends in power output are closely matched to the changes in FFM. In fact, power output variations observed within the obese subjects of the present investigation parallel the age-, gender-, and BMI-dependent changes in FFM, as it can be appreciated from Figure 3 . Consistently with this observation, the differences observed between male and female subjects in average power output disappear if the latter is expressed per unit FFM, in agreement also with the findings obtained in normal weight subjects. 26 Thus, the similar trends in FFM and . W as a function of both age and BMI lead to an univocal relation between FFM and . W, which substantiates the important role possibly played by the total amount of FFM in determining the overall capacity of muscular power output generation also in obese subjects. However, a different pattern was displayed by male and female subjects in the relation between FFM and . W, since two significantly different lines fitted the data obtained in the two genders. For the same amount of FFM, women appear to be able to generate a higher power output. Since male and female subjects differ considerably in body size, in body composition and in the pattern of the changes in body composition as a function of the degree of obesity, it should be emphasised that women with the same amount of FFM of men actually have a greater body weight and BMI, as it can be appreciated from Figures 2 and 3 (panel a) . This entails that a larger load is supported by females with the same amount of FFM as male subjects. Female subjects of the present study performed the stair climbing at a lower velocity and, since the test is performed over the same number of steps, at a lower frequency and at a lower muscle shortening rate. Under this condition muscle may be at advantage, by operating in a more favourable region of the force-velocity curve. Although no data are available in obese individuals, several studies in normal weight subjects have demonstrated that external loading during the performance of the SCT induces in the same subjects a decrease in vertical velocity but a significant increase in power output. [30] [31] [32] Finally, it is interesting to remark that FFM and FM differently contribute to the obesity of men and women, and that the two genders follow a different pattern of body composition in face to a global increase of total body weight.
In conclusion, the present study reports the general trends of lower limb power output in a large Italian population of obese individuals as assessed with the SCT, a simple, economical and well-tolerated functional test which furnishes information on motor capabilities considerably related to the general sense of fatigue and to the skillfulness in accomplishing basic everyday tasks. 11, 13 Under this perspective, older women (450 y) of higher BMI (440 kg m
À2
) can be circumscribed as the most disabled category as a consequence of obesity. Thus, the SCT may be considered a useful indicator of the limitations in physical activity experienced by obese subjects and of the motor improvements in response to rehabilitation and/or body weight-reducing programmes. Therefore, present normative data for a Mediterranean population can provide a useful framework for defining limits and risks of the obesitydependent derangement in motor anaerobic functions.
